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PRE-METERED DOSE MAGAZINE 
FOR BREATH-ACTUATED DRY POWDER INHALER 

Inventors: 
(Attorney Docket: NHC0071) 



Cross-Reference to Related Applications 

[0001] The present application is related to co-pending U.S. patent application serial number 
09/888,277, filed on June 23, 2001, which claims priority to provisional U.S. patent application serial 
no. 60/213,669, filed June 23, 2000 (entitled "Pre-Metered Dose Magazine for Breath- Actuated Dry 
Powder Inhaler"), and provisional. U.S. patent application serial no, 60/213,382, filed June 23, 2000 
(entitled "De-Agglomerator for Breath-Actuated Dry Powder Inhaler"). Each of these applications is 
assigned to the assignee of the present invention and incorporated herein by reference. 

Field of the Invention 

[0002] The invention relates to a breath-actuated dry powder inhaler for administering dry 
powder medicament to a patient. More particularly, the present invention relates to a magazine 
having a plurality of individually separated, pre-metered doses for a breath-actuated dry powder 
inhaler and a method for providing pre-metered doses of dry powder medicament for inhalation by a 
patient. 

Background of the Invention 

[0003] Metered dose medicament inhalers are well known for dispensing medicament to the 
lungs of a patient. In most cases, the inhalers include a reservoir containing dry powder medicament 
in bulk form, and means for metering the medicament from the reservoir in discrete amounts for 
inhalation by a patient. 

[0004] For example, U.S. Patent No. 5,503,144, which is assigned to the assignee of the 
present invention and incorporated herein by reference, shows a breath-actuated dry-powder inhaler 
having a medicament reservoir. The reservoir contains dry powder medicament in bulk form, and 
the inhaler includes a metering chamber for removal of the powdered medicament from the reservoir 
in discrete amounts. The inhaler also includes an air inlet for entraining the removed powdered 
medicament through a mouthpiece upon patient inhalation. 
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[0005] While the reservoir and metering chamber of the inhaler shown by U.S. Patent No. 
5,503,144 properly function to dispense discrete amounts of powdered medicament to a patient, there 
is desired an inhaler having pre-metered doses of powdered medicament. Providing the powdered 
medicament in pre-metered doses will further ensure that the medicament is consistently dispensed 
to a patient in precise doses. 

[0006] In particular, a device and method are desired for providing individually sealed, pre- 
metered doses of dry powder medicament for inhalation by a patient through a dry powder inhaler 
and, in particular, a breath-actuated, dry powder inhaler. 

[0007-] - An improved breath-actuated, dry powder inhaler, which substantially 

agglomerates and micronizes pre-metered doses of medicament is also desired to ensure that 
particles of the medicament are small enough for adequate penetration of the medicament into a 
bronchial region of a patient's lungs during inhalation. 

Summary of the Invention 

[0008] The present invention provides a pre-metered dose assembly for consistently 
supplying precise doses of medicament to a breath-actuated dry powder inhaler. The assembly 
includes a cap defining a dry powder delivery passageway for providing air to a dry powder supply 
port of a swirl chamber of a breath-actuated dry powder inhaler, and a magazine including a plurality 
of reservoirs for holding pre-metered doses of dry powder. One of the magazine and the cap is 
movable with respect to the other of the magazine and the cap for sequentially positioning the 
reservoirs within the delivery passageway of the cap. A breath-induced low pressure at an outlet port 
of the swirl chamber of the inhaler causes an air flow through the dry powder delivery passageway of 
the assembly and into the dry powder supply port of the swirl chamber. The air flow entrains dry 
powder from the reservoir positioned in the passageway for inhalation by a patient using the inhaler. 

[0009] The present invention also provides a breath-actuated dry powder inhaler including 
the pre-metered dose assembly in combination with a de-agglomerator for breaking up aggregates 
and micromzing particles of dry powder prior to inhalation of the powder by a patient. The de- 
agglomerator includes an inner wall defining a swirl chamber extending along an axis from a first 
end to a second end, a dry powder supply port, one or more primary air flow inlet ports, and an outlet 
port. The supply port is at the first end of the swirl chamber for providing fluid communication 
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between the dry powder delivery passageway of .he pre-metered dose assembly and ,he first end of 
the swirl chamber. The primary air flow inlet ports are in the inner wall of the swirl chamber 
adjacent to or near the first end of the swirl chamber and provide fluid communication between a 
region exterior to the de-agglomerator and the swirl chamber. The outlet port provides fluid 
communication between the second end of the swirl chamber and a region exterior to the de- 
agglomerator. 

[0010J A breath-induced low pressure at the outlet port of the de-agglomerator causes air 
flows into the swirl chamber through the dry powder supply port and the inlet port. The air flows 
collide with each other and with the wall of the swirl chamber prior to exiting through the outlet port 

further includes vanes at the firs, end of the swirl chamber for creating additional collisions and 
impacts of entrained powder. 

(001 1J Further features and advantages of the presently disclosed pre-metered dose magazine 
and method for providing pre-metered doses will become more readily apparent to those having 
ordinary ski,I in the art to which the present invention re.ates from the following detailed description 
and attached drawings. 
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Brief Description of the Drawings 

[00121 So that those having ordinary skill in the art will more readily understand how to 
eonstruct a pre- m e,ered dose magazine and a breath-aetuated, dry powder inhaler in aceordanee with 
the present mvention, exemplary embodiments are described in detail below with reference to the 
drawing figures wherein: 

(0013) FIG. 1 is a side and top isometric view of an exemplary embodiment of a breath- 
actuated, dry powder inhaler according to the present invention including a housmg having a 
mouthpiece cover shown in a closed position; 

cover shown m an opened position to expose a mouthpiece of the inhaler; 

[0015] FIG. 3 is a bottom plan view of a upper portion of the housing of the inhaler of FIG. 

[0016] FIG. 4 is a top plan view of a lower portion of the housing of the inhaler of FIG. 1;. 

[0017] FIG. 5 is a top plan view of a dose magazine of the inhaler of FIG. 1; 

[0018] FIG. 6 is a side elevation view of the dose magazine of the inhaler of FIG. 1 ; 

[0019] FIG. 7 is a top plan view of a cup-like base of a de-agglomerator of the inhaler of 



1; 



FIG. 1 



of FIG. 1; 



[0020, FIG. 8 is a bottom isometric view of a top piece of the de-agglomera,or of the inhaler 
G. 1; 

inhaler If FIG 1 ^ ' " " ^ e ' eVa " 0n ^ "^omerator of the 

[0022] FIG. 10 is a top p!an view of the monthpiecc cover of the inhaler of FIG. 1 showing a 
magazme advancement rake pivotally extending from the cover; 

mhaleTofFIG T' " " " ^ eleVa "° n ^ m ° UthPieCe ^ adv "nt <** 
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10024] FIG. 12 is a top plan view of an exemplary embodiment of a dose magazine 
constructed m accordance with the present invention; 

[00251 FIG. 13 is a sectional view of the dose magazine taken along line 13-13 of FIG. 12; 

[0026) FIG. 14 is a top plan v.ew of the dose magazine of FIG. 12, shown with an upper foil 
layer removed; 

10027) FIG. 15 is a top plan view of another exemplary embod.ment of a dose magazine 
constructed in accordance with the present invention; 

[0028)_ FIG. 16 is a sectional viewof the dose magazihelaken along line 16—16 of FIG. is? 

[0029] FIG. .7 is a top plan view of an additional exemplary embodiment of a dose magazine 
constructed in accordance with the present invention; 

[0030] FIG. 18 is a sectional view of the dose magazine taken along line 18—18 of FIG. 17; 

[0031, FIG. 19 is a top perspective view of a portion of a further exemplary embodiment of a 

!,ec e hZ" ne COnStrUCtCd ^ aCC ° rdanCe With PreSem mVenti0n ' indUd ' n « 3 -ova, 

[0032] FIG. 20 is a top plan view of a further exemplary embodiment of a dose magaz.ne 
constructed in accordance with the present invention; 

[0033, FIG. 21 is a sectional view of the dose magazine taken along line 21—21 of FIG 20 
showrng a deployable medicament prston of the dose magazine; ' ' 

(0034, FIG. 22 is a sectional view of exemplary embod.ments of a dose magazine a 
medtcamen, piston, and an actuator, which is shown deploying the piston, all constructed in 
accordance with the present invention; 

[0035, FIG. 23 is a perspective view of the actuator of FIG. 22; 

[0036, FIG. 24 is a side perspective v.ew of additional exemplary embodmrents of a dose 
magazme, a mouthp.ece cover and an actuator, all constructed in accordance with the present 
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invention, and wherein the actuator , adap , ed ^ ^ & ^ 
magazine upon the mouthpiece cover being opened; 

- acZL HO,T 3 fr0m ^ ° f *" hpiececovetana 

[0038] FIG. 26 is a sectional view of a ftrther exemplary embodiment of a dose magazine a 
med.camentptston.and an actuator shown dep.oying the piston, aU constructed in accordant with 
the present invention; 

J 0039 L HGS : 2 l tou ^ 

med.cament pistons constructed in accordance with the present invention; 

(0040, FIG 31 isa side elevation view of another exemp.ary embodiment of a medicament 
p.ston constructed ,n accordance with the present invention; 

[0041 J FIG. 32 is a top plan view of the medicament piston of FIG. 31; 

[0042, FIG. 33 is a s.de e.evation view of an additional exemplary embodiment of a 
med.cament p.ston constructed in accordance with the present invention; 

[0043, FIG. 34 is a top plan view of the medicament piston of FIG. 33; 

[0044, FIG. 35 is a side e.evation view of another exemplary embodiment of a medicament 
P ,ston constructed in accordance with the present invention; ™d,camen. 

(0045, FIG. 36 is a top plan view of the medicament piston of FIG. 35; 

[0046, FIG. 37 is a side elevation view of an additional exemplary embodiment of a 
med.cament p.ston constructed in accordance with the present invention; 

[0047, FIG. 38 is a top plan view of the medicament piston of FIG. 37; 

[0048, FIG. 39 is a top perspective view of a further exemplary embodiment of a dose 
magazme constructed in accordance with the present invention- 
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" reSent ' nVentl0n a " d «- of dep,oya bl e m edica m e„ t 

surface of the magazine; extended upwardly, from a top 

Pistons to be deployed; ° C3USe ° ne or more of the 

deployment of pistons- OFS haVe been manipulated to cause 



of a 



^ofthemagLe ^'"P Md " *e bores extend radially with respec , (o a 

- i°: 8 s i zi 7 :: :~ iirr ™ w — 

receiving dep loy ab,e medicament n , ^ ' nVenti ° n ^ i " C,udin « bores «* 

respect to an al of CgX ^ " ^ — — * - « - -* ^ 



coJT in 21:;;: T:z t add,t,ona, exemp - «* • - 

ro.a tlon of the magazine; " o^" 8 ' he d °- miners 

e*e mplary --^^^r^ mediCament d ° Se C ° ntainerS ' ^ " 

w h e rein „ , aye t:;; ; n ; en,ion and inc,ud,ng - «— «. ^ 



( 



[0067] 



De tai ,ed De S crip«i„„ of Exemplary Embodiments 

consist fum , hes precise doses r 1 ; nd ;;;; h 7 - «*■ » - « - 

— ... . „ ,«,,„ r „ ,„„„„„„ ^ » ~ .. 

-he dose magazine 12 of the inh al er 10 of FIGS , hT HG ' 5 and 6 show 

-- 88 <~o^^ 

agg.omen.to, The eup-like base 24 is reeeived in th ' ^ 26 ° f 

reee,ved ,n the lower portion 22 of the housing 1 8 and the 
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[0071] During operation, the magazine 12 is movable with respect to the 

. p-^iLd^ 

shown best in FIG 1 th. } ° the de - a gg ,0 merator. As 

metered dose of dry powder to be dragged from the reservoir 30 aliened with th 

-rained^ 30 ahgned wtth the passageway 32, and 

[0072] Preferably, the magazine 12 is movable with resoect to th, 

:r::z:::;z 

advancement rak e42pi V o.a„ y extending fromAellT " 
teeth 40 of the magazine ,2 to rotate and „ T engagement rake 42 engages the 

" adVanCe ' hC magaZinC 12 U "°" «» ™*P-e cover ,4 

mo,s,ure resistant and airtight manner prior to the reservoirs h • ■ ■ 8 ' 
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.he annular top surface of*, magazine ,2 with adhesive and covering ,he dry powder in the 
reservo.rs 30 in a moisture resistant and airtight manner Th, , • ^ P ° WdCrmthe 

positioned within the delivery passageway 32 of , e * "* ^ 

front of the venturi of the de.ivery passageway 32. h ° USm8 ' § 

(0075J It is intended that a manufacturer will fill the reservoirs 30 nf.h 
property metered individual doses of dry powder medicame ■ " 

— ™a S uita b ^^ 

in a moisture resistant and airtight ^...e,^™ ' ™ ^^•_T he ^.^!^™ 3°5!» *?" -fi-led . . . 
and the magazine 12 may be disposable Alternative^ the H ' ° 

h ousi:r:io«::^ 

of the d 8 ry ^^ ^ZT^' ^ " ^ ^ « 

•he upper portion In add i, n t h " """""^ Withi " P ^eway 32 of 

of the magazine have been positioned in the deliver passa« * ^ " 

^icafiontoapanen^ 

magazmeutsprovided with a radially mwardly extending catch 44, as shlmHc7 1 
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~ dwi . aIO?kfoHockingftemouthp ^ 

advances of a final medicament „ ^ J™ " ^ — 

opposed inlet ports 46 thaTeLd „ , d -^°™ inCudes t wo diametricaliy 

of the swir, chamber C t n h I «° ^ C ~>" 

?;»:m 

[0079] The de-agglomeracor includes vanes 48 a, the first end of the swirl chamber 52 TH 
agglomerates of the dry powder constantlv im„ , u Thus, part.cles and any 

— — -jn:~=sr- 

componentofthefiowsuh^th I 7 ^ " ^ * ^ • ~iH 

.heou„e. P or,34 Ije ht ^ ^ "°^"P-iIy swi.s through 

parted mm ^ "* — — mainta.n the swir, 

.o result in turther b ^ p ^ addit, ° na ' ^ * «» — ><« 34 - as 
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FICsT h o de " aggl ° merat0r iS aSSemb1 ^ from two pieces: the eup-,i ke base 24 sh • 
FIGS. 7 and 9, and the top pieee 26 shown in FIG 8 whieh „ I '" 

'he housing I8 and defines the ou„etport34 and , , ' OWerPOr,i0n 22 ° f 

48 and defines the snpp ly port 36 ' ^ ^ '° P 26 f °™ *e vanes 

[0082] 



18 is received over the chimney of the , ^ POrti ° n 20 ° f *• housing 

or another suitable material. P^tynaie, but may be manufactured from metal 

includes medicament reservoirs in the form nf ■ , „ n " 8tt,ne 60 

rotation of the magazine 60. medicament upon 



e.g., no adhes.ve positioned in contact with the med ^ mC ' Ude 



1 foil 
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constrLTd FIG V 5andl6Sh ° Wan0thereXemPl ^ emb0diment0fad -~^^ 
consulted ,„ accordance with the p r csc„ t invention. As shown, the magazine 80 includes 

med_, reservoirs 82 and each medicament reservoir inCudes a hning 84 of moisture resistant 
a.r-t,ght material, such as a metal insert or foil. ' 

10087, FIGS. 17 and ,8 show an additional exemplary embodiment of a dose magazme 90 
constructed ,„ accordance with the present mvention. As shown, the magazine 90 includes 

re 1 " air " tiSht ^ " 3 The «- * can be 

pre-tormed v,a s,amp,n g or met a, inject ion mo.ding. The metal trough 96 can also be formed from a 

in accT I' Sh<>WS 3 toher eXemP ' ary emb ° diment ° f 3 d ° SC ">° constructed 

,n acco dance w.th the present invention, and inc.uding a foil removal mechanism ,02 The foil 

removal mechanism comprises a ro.atable winding wheel ,02 which peels an upper layer ,04 of 

mature resistant, air-tight materia,, such as metal foil, from an upper surface of the magazme 1 00 

the m ,s rotated. As the foil ,04 is pee.ed from the magazine 100, med.cament reservo.rs 

a a so be I d 8 l0W ; ha,ati ° n ™e foi, remove, mechanism ,02 

can also be adapted and used to index the magazine 100. 

10089] ™S.20a„d2,showa f ur,herexemplaryembodimen,ofadosemagazme,10 
constructed m accordance with the present invention. The dose magazine , ,0 inCudes axia, bores 
n2conta,mngde pl oyab,e medicament pistons ,14sea,ed between layers „6, 1 ,8 of moisture 

Zn 4 H P0Wd6r mediCamCm ' arC ™ *» •">**» "P°n *e 

p,stons , ,4 bemg pushed upwardly through the upper ,ayer 1 ,6 of foil. 

132 17 , FIG ' eX6mP,ary emb0dimentS ° f 3 d ° Se maga2ine 13 °' a "lament 

32, and an actuator 1 34, which is shown deploying the piston, a„ constructed in accordance w th 
he e n, piQ ^ , , ^ ^ ^ ^ ^ ^ 

.30 ,s „e r,y moved over the actuator ,34, the actuator ,34 successively pushes the pistons , 32 

upward,y,hr„ugh the upper 'ayer 1 ,6 of foi, to expose a compartment ,36 containing a dose o 
medicament for inhalation. 
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and wherein the Ic 1 or Z * ~ ^ 

(0092, FIG. 26 shows a further exemplary embodiment of a dose magazine 150 a 

-ha. the piston ,52 is I ' ' & ^ *> *~* — ■ % *c 



amount 



so that a minimum dose is exnn,.H f ■ u , • P1St ° n CXtends above the f oil 

sotha t a m ax im u m dose 1 se X posed for ^a 1 a ti o„. ^ ^ ^ "» 

160 , /"Ti., r« ;or t i h ::; d 8 r„ 3 a 0 sho r various exempiary — — of medicament Pistons 

theshou.ders ,68a, ,68b ,68c become n ' ^ SUPPOrt ' ng ^ P° wd « -dica m en t , and 

-62 of FIG. 28 incude v'el , 7 ^ "* b0 " 0m ° f P ' St0 " ^ ^ 

includes verhcally arranged compartments 170a 170b 170c for h„w a 

c 4uany sized, rhe piston 166 of FIG TO Wi,,^ 

and32hasacircularcl^ 

lament. Tbe p,s ton B^C^" -1 "^^^ 

arranged shoulders ,92 for hold.n! dry no d ^ ' " """""^ ^ ^'^ 

The piston ,84 ofFIGS Id £ ^ ^ " ^re e q ua„ y s, 2 ed. 

•35a„d 36 has a rectangular cross-section and including* compartment 
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f0095] FIG. 39 is a top perspective view of a further exemnl,™ k ^ 
m »00c„„s™„ aC co« 

•»» ..».„,„, ,..„„„ ,,„ „.„,„, J10 - ^,~;;- d r ™? 

d set asi oi the medicament pistons 234a, 234b 234r kaa ;« u 
e X ,e„dedup Wardly , fromatopsurfaceofthe & 4b ' <^ - shown dep.oyed, or 

23Sa, 2 3S b , 2 3Sc, 238d for c aUsing deployment i JJ^J^L \ " ^ 
2340, 234d from the maga2ine . Xhe actuatQrs 23ga 23gb 2 2 3 2 8 f ; ed,C h ament ~ ^ 
* a us. t0 cauS e one or more of <ne pistons 234 a , 3 ^ J I d 77^ " ^ 



e magazine 230 
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[0098] 



FIGS. 45 and 46 show a further exemplary embodiment of »a 
^medicamenT^ 

axis A of the magazine 250. " ^ 31 " ^ With ^ *> » 

Pistons. The bores 272 are oositinn.H , * g deplo ^ ble medicament 

mdication of the adva„ce m e„, of a final medicament reservoir 286 ofT " " 

can be used ,o increase the force reouired ,o advance I"'. ^ 

or provide other indication that the las, medicament K se^T 7 S ^ ^ 
should be refilled or replaced. approach.ng and the inhaler 

.00103, FIGS. 52 and 53 show an exemplary embodiment of a paw, 294 constructed 
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dose containers 302 and a fixed hlaH^ i.c\a f« ■ , 

of .he magazme. CCeSS ' V6ly "P*™ 8 *~ — 

upon rotation 

[0010SJ FIG. 55 shows an exemplar embodiment of a straw 310 construed in a 

(00,06, FIG. 56 shows another exemplary embodiment of a straw 320 constructed in 

l.w 3 0, ' W ~ aPan a "' ! ™« » «» ««~ —men, offfie 

3 20 and success.ve opening ofthe dose containers 322 contained between the .ayers 324,326. 

co t' 00 , 1 ! 7 ' FI °' " Sh ° WS ^ eXemP ' aiy emb ° dimem ° f 3 ™ di ™ ^se carrier 330 
constructed ,n accordance with the present invention and having doses 332 of medv „ 
to a surface ofthe carrier 330. The carrier 330 is mad , ■ med.cament attached 

,h Jnecamer33 0'S made of elastic material and is drawn around a 

sharp corner 334 to successively release the doses 332 of . h, ™ a- , n around a 

carrier is ben, around the comer 334. " ^ 330 » «» 

[00J08, FIG. 58 shows a further exemplary embodiment of a straw 340 constructed in 
accordance with the present invention and including medicament dose containers 34^ The straw 
40,s drawn aroundasharp comer 344 to successive* open the dose containers 342 as th 
containers are bent around the corner. 

mm HGS. 59 and 60 are secttona, views of portions of a filling nozzle 400 and . d ^ 

r::::;;: dose magazine 4 1 ° mus,rat,n8 ^ - - • — 

rescrvotrs 412 of the magazme 410 with medicament carried out in accordance with ,h 
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— a„ d inhaler e ,e m e„ ts can be ^^1^^ " 
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